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I .  INTRODUCTION -- 
The P e g a s u s  I11 s p a c e c r a f t ,  which  was l aunched  f rom Cape 

Kennedy o n  J u l y  20 ;  1965 ,  was used  f o r  a  u n i q u e  e x p e r i m e n t  i n  
terms o f  e n v i r o n m e n t a l  e f f e c t s  o n  t h e r m a l - c o n t r o l  s u r f a c e s .  A 

l a r g e  number o f  r e t r i e v a b l e  coupons  w e r e  c o a t e d  w i t h  v a r i o u s  

t h e r m a l - c o n t r o l  m a t e r i a l s  and w e r e  p l a c e d  o n  t h e  P e g a s u s  I11 

s a t e l l i t e  w i t h  t h e  i n t e n t  t h a t  t h e y  would e v e n t u a l l y  be 

(1) measured " o p t i c a l l y "  i n  s i t u ,  and/or  ( 2 )  r e t u r n e d  t o  e a r t h  

f o r  e v a l u a t i o n  b y  a  r e n d e z v o u s i n g  a s t r o n a u t .  

T h i s  r e s e a r c h  program was p l a n n e d  t o  p r o v i d e  t h e  t e c h n i c a l  

background t h a t  i s  n e c e s s a r y  f o r  t h e  p r o p e r  e v a l u a t i o n  o f  t h e  

space -env i ronmen t - induced  damage s u s t a i n e d  by  P e g a s u s  coupons.  

11. WORK PERFORMED 

A. R e c o n d i t i o n i n q  t h e  IRIF  

IRIF  T e s t  1 3  was p l a n n e d  f o r  t h e  month o f  September .  

However, t h e  t e s t  was a b o r t e d  p r i o r  t o  i r r a d i a t i o n ,  b u t  a f t e r  

e v a c u a t i o n ,  due  t o  i r r a t i c  b e h a v i o r  o f  t h e  r e f l e c t o m e t c r  p o r t i o n  

o f  t h e  f a c i l i t y  t h a t  deve loped  e a r l y  i n  t h e  t e s t ,  The v i s i b l e  

mode: u t i l i z i n g  t h e  1P28 p h o t o m u l t i p h e r - d e t e c t o r  c i r c u i t ,  was 
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i n  e r r o r  and gave r e s u l t s  a t  0 . 7 , ~  wavelength t h a t  were about 

10% l e s s  i n  r e f l e c t a n c e  than  t h o s e  ob ta ined  a t  t h a t  wavelength 

wi th  t h e  i n f r a r e d  mode (employing t h e  lead  s u l f i d e  d e t e c t o r ) .  

This  nega t ive  e r r o r  was observed on ly  on specimens t h a t  possessed 

a  specu la r  component o f  r e f l e c t a n c e ;  it was not  observed on t h e  

two specimens of  293. 

The e r r o r  was a t t r i b u t e d  e i t h e r  t o  a  d i s p r o p o r t i o n a t e  

degrada t ion  o f  t h e  photocathode s u r f a c e  o r  t o  d i s l o c a t i o n  of 

t h e  photocathode i n  r e l a t i o n  t o  t h e  t u b e '  s g l a s s  envelope. T h i s  

problem was t r e a t e d  by t h e  au tho r  p rev ious ly  i n  r e l a t i o n  t o  

sphere-de tec tor  geometry ( r e f .  1) and t h e  d i s p a r i t y  between t h e  

two d e t e c t o r  mades was a t t r i b u t e d  t o  non-hemispherical i l l u m i n a t i o n  

of  t h e  photo-mul t ip l ie r  t u b e .  A s  suggested by t h e  C.O.T.R., 

M r .  E. R. M i l l e r ;  w e  a r e  p r e s e n t l y  cons ide r ing  us ing  a  "ruggedized" 

pho tomul t ip l i e r  tube ;  a n  end-on d e t e c t o r  w i  11 a l s o  be considered.  

The pho tomul t ip l i e r  t ube  was rep laced ;  t h e  new tube  was 

l i g h t l y  sandblas ted  t o  d i f f u s e  t h e  i n c i d e n t  l i g h t .  During t h e  

down-time a f fo rded  by t h e  replacement of  t h e  phototube,  t h e  

i n t e g r a t i n g  sphere  was i t s e l f  recondi t ioned .  The en t r ance  p o r t  

was en la rged  t o  a  diameter  of  0 .75 i n .  and t h e  o l d  sphere  c o a t i n g  

was complete ly  removed. An even coa t ing  of 293 was app l i ed  t o  

a  t h i c k n e s s  o f  5  m i l s ;  t h e  sphere  was then  smoked with  magnesium 

ox ide  t o  a t h i c k n e s s  of  0 .5  mm i n  o r d e r  t o  p rov ide  high r e f l e c t a n c e  

i n  t h e  u l t r a v i o l e t  r eg ion  below z i n c  o x i d e ' s  fundamental a b s o r p t i o n  

edge (ZnO i s  t h e  pigment employed i n  2 9 3 ) .  

The combination of s t e p s  employed t o  r e c o n d i t i o n  t h e  I R I F '  s 

o p t i c s  have r e s u l t e d  i n  t h e  achievement of  t h e  h i g h e s t  p r e c i s i o n  

y e t  a t t a i n e d  wi th  t h i s  device .  Less than  2% d i s p a r i t y  i s  now 

ob ta ined  between t h e  two d e t e c t o r  modes a t  0.7-p wavelength -- 
even f o r  po l i shed  aluminum. 

B. IRIF Space S i ~ n u l a t i o n  Tes t  13 

I R I F  t e s t  13 was i - n i t i a t e d  a s  a  long t e r m  t e s t  ( >  4000 ESH) 

employing e s s e n t i a l l y  t h e  same samples t h a t  were i r r a d i a t e d  i n  

IRIF t e s t  10. A c a l c u l a t e d  s o l a r  i r r a d i a t i o n  f a c t o r  of 6 
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e q u i v a l e n t  u l t r a v i o l e t  i n t e n s i t i e s  was employed. The test  

has  been i n  p rog res s  f o r  1400 ESH a s  of t h i s  w r i t i n g ?  a l though  

d a t a  h a s  been reduced f o r  0 ,  75,  150 and 650 ESH o n l y  a t  t h i s  

t i m e .  

The p r i n c i p a l  problem a s s o c i a t e d  wi th  t h i s  t es t  i s  t h e  

s t r o n g  glow d i scha rge  t h a t  occur red  dur ing  pump-down. Even 

though we employed a  glow-discharge-con£ inement s c reen  a t  t h e  

o r i f a c e  t o  t h e  i o n  pump, glow d i scha rge  " t r a c k s "  were observed 

a long  t h e  chamber w a l l s  a t  t h e  sample-table l e v e l .  This  was 

t h e  most i n t e n s e  d i s c h a r g e  t h a t  w e  have eve r  observed and 

it occur red  i n  con junc t ion  wi th  a s  slow a  pump-down a s  w e  have 

eve r  recorded.  ( I t  should be  noted t h a t  no sou rce  of  contaminat ion 

can be envis ioned  and t h a t  t h e  sample load ing  and pump-down 

procedures  were, on examination i n  r e t r o s p e c t ,  i d e n t i c a l  t o  

p a s t  p r a c t i c e s .  ) 

Because we employed a  p o r c e l a i n  enamel c o n t r o l  i n  tes t  13;  

a s u r f a c e  t h a t  h a s  no t  been observed t o  degrade under u l t r a v i o l e t  

i r r a d i a t i o n  i n  vacuum, w e  decided t o  beg in  t h e  i r r a d i a t i o n  even 

though glow discharge-induced damage has  been r e p o r t e d  a s  

c o n t r i b u t i n g  t o  t h e  deg rada t ion  observed by u l t r a v i o l e t  i r r a d i a t i o n  

( r e f ,  2 ) .  

The r e s u l t s  ob t a ined  t h u s  f a r  i n  I R I F  test  13  a r e  p re sen ted  

i n  Table  1. 

Examination of  t h e s e  d a t a  shows t h a t  t h e  s i g n i f i c a n t  a s p e c t  

o f  test 13 i s  t h e  s e v e r e  damage s u s t a i n e d  by t h e  two methyl 

s i l i c o n e  p a i n t s ,  S-13 and S-13G. The S-13 specimen e x h i b i t e d  

a  Aa o f  0.12 i n  650 ESH compared t o  0.08 i n  800 ESH f o r  an 
i d e n t i c a l  specimen i r r a d i a t e d  i n  t e s t  10 (Report  No. IITRI-U6061-5, 

Table  1? p. 4 ) .  A specimen of  S-13G, t h e  methyl s i l i c o n e  p a i n t  

pigmented wi th  s i l i c a t e - t r e a t e d  z i n c  o x i d e ,  e x h i b i t e d  a Aa 

of  0.07 i n  t h e  p r e s e n t  t es t  f o r  a  650 ESH dose.  T h i s  specimen 

was prepared  from hand-mulled powder t h a t  has  been shown t o  be 

u n s t a b l e  i n  comparison t o  pigment t h a t  i s  ground o n l y  i n  t h e  

v e h i c l e  ( r e f .  3) . ( A  specimen o f  S-13G prepared from hand-mulled 

pigment was observed t o  unzergo ci Aa s 
of  0 .05 i n  1400 ESH i n  

I R I F  t e s t  1 2  ( r e f ,  3) , ) 
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Table  ! 

EFFECT OF W IRRADIATION IW THE IRIF O N  SELECTED 
THERMAL-CONTROL SURF.4CE COATINGS ( IRIF T e s t  13) 

( S o l a r  I n t e n s i t y  6x1 

-- - 
Sample '( 2 11 

" 1 s 
1 it 

E SF%* S No. s u r f a c e  - - - _ -- ______-.._ - 

1 5-13 Cleaned (Pegasus)  3 .130 . l o 1  .231  - 
7 5 .157 . I 3 8  .295 ,064  

130 .161  . I 3 9  .300 .069 
650 .196 . I 5 4  .350 . I 1 5  

2 Z r 0 2 / ~ S 7  (Talnt  s 0 .121  .152 .273 - 
C.P. a t  4 .3  PBX) 7 5 .138 . I 5 3  . 2 9 l  -018  

150 ,144 .153 .297 .0?4  
650 .164 .156 .320 .047 

3 293 (Fresh)  

6 UAC Surveyor P a i n t  0 .129 . I 2 3  .252 - 
(Plasmoclap'K20 S102) 75 .I48 . I 2 5  ,273  , 0 2 1  

150 .155 . I 2 5  .280 - 0  28 
650 ,186 .129 .315 .063 

7 L i t h a f  r a x  (LYSC) 0 , 0 5 1  . 0 8 1  .132 - 
75 . I 1 3  .087 .200 .068 

150 .125 .089 .214 .082 
650 ,218 .093 1 .179 

8 293 (Old)  

9 FEP T e f l o n  second- 0 .097 .075 .172 - 
s u r f a c e  m i r r o r  7 5 . l o 9  .081  . I 9 0  .018 

150 . l o 8  .OH0 .1.88 .016 
650 . I 1 4  .078 .192 .020 

13  Rut i l e -opac l  f l ed -  0 . I 4 9  . I 4 4  ,292 
p o r c e l a i n  enamel 75 .152 .1.44 .296 ,004  

150 .152 . I 4 5  .297 .005 
650 . I 6 0  . I 4 5  .305 .013 

12 S13G ( p r e p a r e d  from 0 -132 . l o 4  .236 - 
hand-mulled pigrnsnt) 7 5 .150 . 1 1 C  .260 .024 

150 6 .111 - 2 7 1  .035 
650 .193 .114 -307 -07  1 

* E q u i v a l e n t  sun-hours o f  UV i r r a d i a t i o n  i n  vacuum 



Although t e s t  13 i s  s l i g h t l y  more seve re  on t h e  (;7'1015 

specimen a t  t h e  higher  i r r a d i a t i o n  d o s e ,  i t  was of  almost  

i d e n t i c a l  s e v e r i t y  a t  t h e  lower dose .  That 1s: t h e  ha was 

0 -09  and 0 ,12  f o r  200 and 800 ESH,  respective1.y;  i n  t e s t  10 ,  

t h i s  compares t o  v a l u e s  of  0.07 and 0 .14 f o r  150 and 650 ESH, 

r e s p e c t i v e l y ,  i n  t es t  13, 

On t h e  o t h e r  hand, t h e  zirconium oxide  specimen i n  t h e  

c u r r e n t  t es t  i s  undergoing cons ide rab ly  less -- degrada t ion  than  

e x h i b i t e d  by an i d e n t i c a l  specimen i n  t es t  10,  The specimens 

a t  MTL-3 and 293 i r r a d i a t e d  i n  tes t  13 a r e  behaving almost  

i d e n t i c a l l y  w i th  t h o s e  i r r a d i a t e d  i n  t e s t  10. The Alodine 1275 

specimen, which was not  t aken  from t h e  same b a t c h  i n  t h e  two 

t e s t s ,  i s  e x h i b i t i n g  s l i g h t l y  more deg rada t ion  i n  t h e  c u r r e n t  

t e s t  (observed f o r  bo th  doses  of  i r r a d i a t i o n ) .  

I n  t h e  absence o f  conf i rming tests w e  have reached t h e  

fo l lowing-genera l  conc lus ions  concerning t h e  two tests: 

(1) The two t e s t s  compare w e l l  a t  t h e  lower i r r a d i a t i o n  

l e v e l s  f o r  a l l  specimens except  S-13, S-13G and 

zirconia--pigmented potass ium s i l i c a t e .  

( 2 )  The g e n e r a l l y  poor s t a b i l i t y  of t h e  S-13G specimen 

was no t  s u r p r i s i n g  i n  view o f  t h e  f a c t  t h a t  it was 

prepared from hand-mulled, s i l i c a t e - t r e a t e d  z inc  ox ide ,  

However, w e  d i d  not  expec t  t h e  degree  o f  s e v e r i t y  

observed a f t e r  on ly  650 ESH of  u l t r a v i o l e t  i r r a d i a t i o n  

i n  vacuum, 

( 3 )  The r e s u l t s  of t h e  two tes ts  at .  t h e  h igher  l e v e l s  d i f f e r  

l i t t l e  f o r  MTL-3, 293 and Alodine 1275, Thus t h e  f a c t  

t h a t  S-13 and S-13G e x h i b i t  g r e a t e r  damage a t  bo th  

dose l e v e l s  i s  be l i eved  t o  be  due p r i m a r i l y  t o  t h e  

e x t e n s i v e  glow d i scha rge  observed i n  t h e  c u r r e n t  t e s t  

-- an i r r a d i a t i o n  component t h a t  may have l i t t l e  o r  

no e f f e c t  on t h e  o t h e r  complete ly  i no rgan ic  s u r f a c e s ,  

( 4 )  The d i f f e r e n c e s  noted a r e  most l i k e l y  due t o  e i t h e r  o r  bo th  

t-he f a c t  t h a t  ( a )  t e s t  10 involved admission of a i r  between 

t h e  200 and 800 ESH i r r a d i a t i o n  l e v e l s .  and (b) tes t  13 

involved exces s ive  glow d i scha rge  dur ing  evacua t ion ,  
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Thc agreement between a 2-yr-old speelmen and a f r e s h l y  

prepared specimen of  293 1s mos tencourag lng .  The ila of O . O J  s 
i n  each c a s e  aga in  conf i rms t h e  g e n e r a l l y  g ~ o d  s t a b l l l t y  of t h l s  

m a t e r i a l  a s  r epo r t ed  I n  t h e  p a r t ,  

Of t h e  two a l k a l i  s i l i c a t e - b a s e d  p a i n t s  pigmented wl th  ch lnz  

c l a y  ( ~ l a s m o c l a y )  and l i th ium-aluminum-si l icate  ( L i t h a f r a x )  . 
t h e  ch ina  c l a y  specimen e x h i b i t e d  bo th  t h e  h i g h e s t  s t a b i l i t y  

and t h e  h i g h e s t  s o l a r  absorp tance ,  The Aa o f  t h e s e  c o a t i n g s  
S 

was 0 ,06 and 0 ,18  f o r  t h e  Plasmoclay and L i t h a f r a x ,  respectively; 

t h e  i n i t i a l  9 however was 0 ,25  and 0.13 f o r  t h e s e  same c o a t l n g s ,  
S 

r e s p e c t i v e l y .  

Perhaps  t h e  most important  r e s u l t  o f  IRIF test 13 has  been 

t h e  conf i rmat ion  of  t h e  r e p o r t  ( r e f ,  4)  t h a t  an  aluminized FEP 

Tef lon  second-surface  mir ror  i s  comparat ively  s t a b l e  t o  u l t r a v i o l e t  

i r r a d i a t i o n  i n  vacuum. The FEP Tef lon s u r f a c e  e x h i b i t e d  a  n a  
S 

of  o n l y  0 ,02  i n  650 ESH of  u l t r a v i o l e t  i r r a d i a t i o n ,  

The Aa o f  0.013 I n  650 ESH of  i r r a d i a t i o n  of  t h e  r u t i l e -  

o p a c i f i e d  v i t r e o u s  p o r c e l a i n  enamel aga in  conf i rms t h e  e x c e l l e n t  

s t a b i l i t y  o f  t h e s e  s u r f a c e s .  

C ,  Gas Adsorbate S tud ie s  ---- ----- ----- 
I n  Technical  P rog res s  Report  No, IITRI U6061-4, t h e  proposed 

system t o  c o n t r o l  t h e  g a s  p r e s s u r e  and t h e  sample temperature  was 

described. I I T R I  submit ted purchase  o r d e r s  t o  t h e  a p p r o p r i a t e  

v e n d ~ r s ,  The necessary  equipment, except  f o r  t h e  p r e s s u r e  s e n s o r s ,  

has been purchased and i s  ready f o r  i n s t a l l a t i o n ,  

By memorandum t o  Clarkson Engineer ing Company. The F rede r i cks  

Company s a l e s  r e p r e s e n t a t i v e  i n  Chicago, The F rede r i cks  Company 

s t a t e d  t h a t  t h e i r  Model 1C p r e s s u r e  t r a n s d u c e r s  could be  used 

a t  2 0  t o r r  wi th  e r r o r  l i m i t s  s a t i s f a c t o r y  f o r  o u r  requirements ,  

The o rde r  was submit ted t o  Clarkson Engineer ing i n  J u l y ;  d e l i v e r y  

was promised f o r  less than  s i x  weeks, 

Subsequently t h e  Freder lcks  Company n o t i f i e d  I I T R I  t h a t  t hey  

could not  meet t h e  s p e c i f i c a t i o n s  which they  had promised. I n  

e s senee .  t h e l r  f i r s t  s ta tement  was t h a t  i f  an a c c u r a t e  r eco rde r  

1s used.  t h e l r  sensor  and power supply c o n t r o l  was such t h a t  

I I T  R E S E A R C H  I N S T P W U T E  



2 0  t o r r  t 2  t o r r  cou-ld be m a i n t a i n e d  However,  t h e y  have  s l n c e  

s t a t e d  t h a t  t h e y  n e v e r  t r i e d  t h e  a c c u r a t e  r e c o r d e r  method ,  and  

do  n o t  b e l i e v e  t h a t  t h i s  method would work ( r e f ,  5 ) ,  

I ITRI  w i l l  r e s o l v e  t h e  p rob lem o f  p r e s s u r e  c o n t r o l  b y  u s i n g  

a n  NRC #720 A l p h a t r o n  g u a g e  w i t h  a  r a n g e  f rom 1 mic ron  t o  760 t o r r .  

The a p p a r a t u s  f o r  g a s  a d s o r b a t e  s t u d i e s  i s  c u r r e n t l y  b e i n g  

c o n s t r u c t e d  f o r  u s e  i n  c o n j u n c t i o n  w i t h  I R I F  I ( I R I F  I1 h a s  b e e n  

d e l i v e r e d  and  i s  c u r r e n t l y  b e i n g  c l e a n e d  and  r e a d l e d  f o r  f i n a l  

a s s e m b l y  and  vacuum t e s t i n g  a s  a  s y s t e m , )  

I 11, SAMPLE PROCUREMENT 

W e  h a v e  r e c e i v e d  communica t ion  f rom D r .  L i o n e l  B a i l i n  

o f  Lockheed Missiles and  Space  Company t h a t  spec imens  o f  t h e  

t h r e e  Lockheed s u r f a c e s  w i l l  be f u r n i s h e d  w i t h i n  a  week, 

E x c e p t  f o r  t h e  Tabor  and  Hass  c o a t i n g s ,  t h e  spec imens  c h o s e n  

a t  t h e  o n s e t  o f  t h e  program have  a l l  b e e n  e i t h e r  r e c e i v e d  o r  

r e j e c t e d  f o r  t e c h n i c a l l y  c o g e n t  r e a s o n s ,  

I V ,  WORK PLANNED ------------- --- 
Work p l a n n e d  f o r  t h e  n e x t  r e p o r t  p e r i o d  w i l l  i n c l u d e :  

(1) c o n t i n u a t i o n  o f  I R I F  tes t  1 3  now i n  p r o g r e s s ,  ( 2 )  p r e p a r a t i o n  

'3f I R I F  coupons  f o r  IRIF  t e s t  15  ( t h e  n e x t  t e s t  s c h e d u l e d  f o r  t h i s  

p r o g r a m ? )  ( 3 )  c o m p l e t i o n  o f  t h e  c o n s t r u c t i o n  o f  t h e  f a c i l i t y  f o r  

g a s e o u s  a d s o r b a t e  s t u d i e s .  

R e s p e c t f u l l y  s u b m i t t e d ,  

I I T  RESEPRCH INSTITUTE 

S e n i o r   hem#-~roup i- _ Leade r  
Polymer  R e s e a r c h  

Approved by:  

A s s i s t a n t   geeto tor o f  
R e s e a r c h  C h e m i s t r y  
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